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Specification 



Stable Ophthalmic Solution Comprising Latanoprost as Active Ingredient 



Technical Field 



Background Art 

Latanoprost is a prostaglandin-type therapeutic agent for glaucoma 
represented by a chemical name of isopropyl (Z)-7[(lR,2R,3R,5S)3,5- 
dihy dr oxy - 2 - [(3R) ■ 3 -hydroxy 5 -phenylp en tyl] cyclop en tyl] ■ 5 -hep t ano ate . 
Latanoprost is a selective FP receptor agonist and lowers intraocular 
pressure by promoting outflow of an aqueous humor (Japanese Patent No. 
2721414). An administration route of latanoprost is instillation, and an 
ophthalmic solution containing 0.005% latanoprost (trade name: Xalatan 
ophthalmic solution) is commercially available (hereinafter referred to as 
"commercially available ophthalmic solution"). As stated in the attached 
statement of the commercially available ophthalmic solution, its pH is 
adjusted to 6.7, and it contains benzalkonium chloride, sodium chloride, 
sodium dihydrogenphosphate monohydrate and anhydrous disodium 
hydrogenphosphate as additives. 

However, since the commercially available ophthalmic solution lacks 
stability, it is necessary to store it in a cold environment (2"" to S^^C ) 
shielding the light. 



The present invention provides a latanoprost ophthalmic solution 



which can be stored at room temperature. 
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There is a paper which reports stability of the commerciaJly available 
ophthalmic solution to a temperature and hght (Journal of Glaucoma, 10 (5), 
401-405, 2001). However, there has been no report concerning means of 
stabilizing an ophthalmic solution containing latanoprost. 

Disclosure of the Invention 

Thus, since it is inconvenient to handle the commercially available 
ophthalmic solution in storing it as described above, it has been desired to 
develop a latanoprost ophthalmic solution which can be stored at room 
temperature and is excellent in stabihty. 

The present inventors first focused attention on the fact that pH of 
the commercially available ophthalmic solution is adjusted to 6.7 and studied 
precisely effects of pH on stabihty of latanoprost. As a result, the present 
inventors foimd that when pH becomes too alkaUne or too acidic, stabihty of 
latanoprost lowers, and when pH is adjusted in a specific range of 5.0 to 6.25, 
latanoprost is stabilized to give a latanoprost ophthalmic solution which can 
be stored at room temperature. 

The inventors also focused attention on additives and studied 
precisely effects of various additives on stability of latanoprost. As a result, 
the present inventors found that when s -aminocaproic acid is added, 
latanoprost is stabihzed to give a latanoprost ophthalmic solution which can 
be stored at room temperature. 

Namely, the present invention provides an ophthalmic solution 
comprising latanoprost as an active ingredient, wherein latanoprost is 
stabihzed to be stored at room temperature by at least one means selected 
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from the following l) and 2); 

1) adjusting pH of the solution to 5.0 to 6.25 and 

2) adding e -aminocaproic acid to the solution. 

A concentration of latanoprost, which is the active ingredient of the 
ophthalmic solution in the present invention, is preferably 0.001 to 0.01% 
(WAO, particxilarly preferably 0.005% (WA^). 

One of the characteristics of the present ophthalmic solution is that 
pH of the solution is adjusted to 5.0 to 6.25 to stabilize latanoprost. The pH 
range is acceptable as pH of ophthalmic solutions. As details are described in 
stability tests in Examples, stabihty of latanoprost was found to be greatly 
affected by a change in pH. 

A pH adjusting agent can be used in order to adjust pH to 5.0 to 6.25. 
Examples of pH adjusting agents are hydrochloric acid, citric acid, phosphoric 
add, acetic acid, sodium hydroxide, potassium hydroxide, sodium carbonate, 
sodium hydrogencarbonate and the like. 

On the other hand, latanoprost can be stabilized by adding 
a -aminocaproic add to the solution other than by adjusting pH. A 
concentration of £ -aminocaproic add, depending on a concentration of 
latanoprost, is usually 0.1 to 2% (WA^), preferably 0.2 to 1% (WAO. It was also 
foxmd that when the method wherein s -aminocaproic add is added is used, 
stability is kept at pH doser to approximate neutrality, namely at pH of 
about 7.0, too. 

Though various additives are used in order to stabilize ophthalmic 
solutions, s -aminocaproic add exhibits an excellent effect on stabilization of 
latanoprost among many additives as apparent from the section of stability 
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tests. 

Of course, pH can be adjusted to 5.0 to 6.25 and e aminocaproic add 
can be added as the additive at the same time, and thereby their synergistic 
effect can be obtained. 

An additive such as a buffer, a tonicity agent, a solubilizer, a 
preservative or a viscous agent can be optionally added other than the 
above-mentioned pH adjusting agent and s -aminocaproic acid in order to 
prepare the ophthalmic solution of the present invention. 

Examples of buffers are phosphoric add or salts thereof, boric acid or 
salts thereof, dtric acid or salts thereof, acetic add or salts thereof, tartaric 
acid or salts thereof, trometamol and the hke. 

Examples of tonicity agents are glycerin, propylene glycol, sodium 
chloride, potassium chloride, sorbitol, mannitol and the hke. 

Examples of solubUizers are polysorbate 80, polyoxyethylene 
hydrogenated castor oil, macrogol 4000 and the hke. 

Examples of preservatives are benzalkonium chloride, benzethonium 
chloride, sorbic add, potassium sorbate, methyl p-hydroxybenzoate, propyl 
p-hydroxybenzoate, chlorobutanol and the hke. 

Examples of viscous agents are hydroxypropylmethylceUulose, 
hydroxypropylcellulose, polyvinyl alcohol, carboxyvinyl polymers, 
polyvinylpyrrohdone and the like. 

Latanoprost was stabihzed by adjusting pH of the ophthalmic 
solution comprising latanoprost as the active ingredient in the range of 5.0 to 
6.25, and thereby it is possible to provide the latanoprost ophthalmic solution 
which can be stored at room temperature and is excellent in stabihty. 
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Latanoprost was also stabilized by adding e -aminocaproic acid to an 
aqueous latanoprost solution, and thereby it is possible to provide the 
latanoprost ophthalmic solution which can be stored at room temperature 
and is exceRent in stability. 

Brief Description of Drawings 

Fig. 1 is a graph showing changes of residual ratios of latanoprost 
with time at each pH value when a latanoprost ophthalmic solution was 
stored at 60 °C. 

Fig. 2 is . a graph showing changes of residual ratios of latanoprost 
with time at each pH value when a latanoprost ophthalmic solution was 
stored at 70 

Fig. 3 is a graph showing changes of residual ratios of latanoprost 
with time when a test solution obtained by adding each additive to a 
latanoprost solution was stored at 50°C. 

Fig. 4 is a graph showing changes of residual ratios of latanoprost 
with time when a test solution obtained by adding each additive to a 
latanoprost solution was stored at 80 °C. 

Best Mode for Carrying out the Invention 

Examples of the present invention are shown below. AU ophthalmic 
solutions prepared in Examples exhibit excellent stability at room 
temperature. 
Example 1 

Crystalline sodium dihydrogenphosphate (l g) was dissolved in 
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purified water (ca. 80 ml), a 1 N aqueous sodium hydroxide solution was 
added thereto to adjust pH to 5.0, and purified water was added to the 
mixture so that total volume was 100 ml to give a vehicle. The vehicle (lOO 
ml) was added to latanoprost (5 mg), and the mixture was stirred while 
warming it in a water bath at about 80*^!^ to dissolve latanoprost. After the 
temperature of thie solution was returned to room temperature, pH was 
confirmed to be 5.0. 

Example 2 

CrystaUine sodium dihydrogenphosphate (l g) was dissolved in 
purified water (ca. 80 ml), a 1 N aqueous sodium hydroxide solution was 
added thereto to adjust pH to 5.5, and purified water was added to the 
mixture so that total volume was 100 ml to give a vehicle. The vehicle (100 
ml) was added to latanoprost (5 mg), and the mixture was stirred while 
wgirming it in a water bath at about 80°C to dissolve latanoprost. After the 
temperature of the solution was returned to room temperature, pH was 
confirmed to be 5.5. 

Example 3 

CrystaUine sodium dihydrogenphosphate (l g) was dissolved in 
purified water (ca. 80 ml), a 1 N aqueous sodium hydroxide solution was 
added thereto to adjust pH to 6.0, and purified water was added to the 
mixture so that total volume was 100 ml to give a vehicle. The vehicle (100 
ml) was added to latanoprost (5 mg), and the mixture was stirred while 
warming it in a water bath at about 80X^ to dissolve latanoprost. After the 
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temperature of the solution was returned to room temperature, pH was 
confirmed to be 6.0. 

Example 4 

Crystalline sodium dihydrogenphosphate (l g) was dissolved in 
purified water (ca. 80 ml), a 1 N aqueous sodium hydroxide solution was 
added thereto to adjust pH to 6.25, and purified water was added to the 
mixture so that total volume was 100 ml to give a vehicle. The vehicle (lOO 
ml) was added to latanoprost (5 mg), and the mixture was stirred while 
warming it in a water bath at about 80 °C to dissolve latanoprost. After the 
temperature of the solution was returned to room temperature, pH was 
confirmed to be 6.25. 

Example 5 

Crystalline sodium dihydrogenphosphate (l g), sodium chloride (0.4 g) 
and benzalkonium chloride (0.02 g) were dissolved in purified water (ca. 80 
ml), a 1 N aqueous sodium hydroxide solution was added thereto to adjust pH 
to 6.0, and purified water was added to the mixture so that total volume was 
100 ml to give a vehicle. The vehicle (100 ml) was added to latanoprost (5 
mg), and the mixture was stirred while warming it in a water bath at about 
80 °C to dissolve latanoprost. After the temperature of the solution was 
returned to room temperatiu*e, pH was confirmed to be 6.0. 

Next, stabihty of the latanoprost ophthalmic solution at different pH 
was studied. 
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[Stability test of latanoprost l] 
E3q)erimental method 

1) Latanoprost (0.0025 g) was weighed out in a 50 ml-beaker, a phosphate 
buffer (50 ml) haviag each pH (4.0, 5.0, 5.5, 6.0, 6.25, 6.5, 6.7 or 8.0) prepared 
in advance was added to the beaker, and the mixture was stirred with a 
magnetic stirrer. The mixture was stirred while warming it in a water bath 
at about 80°C for about 30 minutes to dissolve latanoprost. 

2) It was confirmed that latanoprost was dissolved, and pH was confirmed. 

3) A glass ampoule was charged with each prepared solution (2.5 ml) and 
sealed by melting it. 

4) It was stored at GOV or TO^'C. 

5) Sampling was carried out with time until 28th day after starting storage, 
latanoprost contents were measured by high performance liquid 
chromatography, and residual ratios were calculated. Samples having 
residual ratios of 95% or higher after storage at 60°C for 28 days and residual 
ratios of 90% or higher after storage at 70°C for 28 days were judged to be 
stable. 

Results 

Changes of residual ratios with time during storage at 60 °C and 70°C 
are shown in Figs. 1 and 2 respectively. Residual ratios after storage for 28 
days are shown in Table 1. As apparent from Table 1, in the case of storage at 
60°C, residual ratios of 95% or higher, namely stable samples, were in the 
range of pH of 5.0 to 6.25. Similarly, in the case of storage at 70°C, residual 
ratios of 90% or higher, namely stable samples, were also ia the range of pH 
of 5,0 to 6.25. 
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From the above-mentioned results, it was found that when pH of the 
latanoprost ophthalmic solution is adjusted to 5.0 to 6.25, latanoprost is 
stabilized, and the ophthalmic solution can be stored at room temperature. 

The residual ratio of latanoprost after storage at 70°C for 28 days was 
lower than 80% at pH of 6.7, though pH of 6.7 is the same value as that of the 
commercially available ophthalmic solution. 
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Example 6 

£ -Aminocaproic acid (l g), concentrated glycerin (1.8 g) and 
benzalkonium chloride (0.01 g) were dissolved in purified water (ca. 80 ml), 
pH was adjusted to 6.7, and purified water was added to the mixture so that 
total volume was 100 ml to give a vehicle. The vehicle (lOO ml) was added to 
latanoprost (5 mg), and the mixture was stirred while warming it in a water 
bath at about 80''C to dissolve latanoprost in the vehicle. After the 
temperature of the obtained solution was returned to room temperature, pH 
was confiirmed to be 6.7. 

Example 7 

£ -Aminocaproic acid (0.2 g), concentrated glycerin (2.3 g) and 
benzalkonium chloride (0.01 g) were dissolved in purified water (ca. 80 ml), 
pH was adjusted to 6.7, and purified water was added to the mixture so that 
total volume was 100 ml to give a vehicle. The vehicle (100 ml) was added to 
latanoprost (5 mg), and the mixture was stirred while warming it in a water 
bath at about 80 °C to dissolve latanoprost in the vehicle. After the 
temperature of the obtained solution was returned to room temperature, pH 
was confirmed to be 6.7. 

Example 8 

e -Aminocaproic add (l g), concentrated glycerin (1.8 g) and 
benzalkonium chloride (0.01 g) were dissolved in purified water (ca. 80 ml), 
pH was adjusted to 6.0, and piirified water was added to the mixture so that 
total voliune was 100 ml to give a vehicle. The vehicle (lOO ml) was added to 
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latanoprost (5 mg), and the mixture was stirred while warming it in a water 
bath at about 80°C to dissolve latanoprost in the vehicle. After the 
temperature of the obtained solution was returned to room temperature, pH 
was confirmed to be 6.0. 

Example 9 

e -Aminocaproic acid (l g), concentrated glycerin (1.8 g) and 
benzalkonium chloride (0.01 g) were dissolved in purified water (ca. 80 ml), 
pH was adjusted to 7.0, and purified water was added to the mixture so that 
total volume was 100 ml to give a vehicle. The vehicle (lOO ml) was added to 
latanoprost (5 mg), and the mixture was stirred while warming it in a water 
bath at about 80°C to dissolve latanoprost in the vehicle. After the 
temperature of the obtained solution was returned to room temperature, pH 
was confirmed to be 7.0. 

[Stabihty test of latanoprost 2] 

Effects of various additives on stability of latanoprost were studied. 
Crystalline sodium dihydrogenphosphate, polyethylene glycol 400 (PEG 400), 
polyethylene glycol, trehalose, isopropanol, a -cyclodextrin, sodium citrate 
and e -aminocaproic acid were used as additives. Crystalline sodium 
dihydrogenphosphate was added in formulation of additives having no buffer 
capacity in order to avoid an effect due to a change in pH. 
Experimental method 

Each additive was dissolved in purified water (ca. 80 ml) so that its 
concentration was each value in Table 2, pH was adjusted to 7.0, and purified 
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water was added to the solution so that total volume was 100 ml to give each 
vehide. Each vehicle (lOO ml) was added to latanoprost (5 mg), the mixture 
was stirred while warming it in a water bath at about 80*C. After the 
temperature of the obtained solution was returned to room temperature, pH 
was confirmed to be 7.0. The obtained solution was used as a test solution. A 
glass ampoule was charged with each test solution (approximately 2.5 ml) 
and stored in an incubator at 50°C or 80 °C. After a prescribed period, the test 
solution was sampled, each latanoprost content was determined by high 
performance hquid chromatography, and each residual ratio to each content 
before storage was determined. 
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Results 

Changes in residual ratio with time during storage at SOX) and 80°C 
are shown in Figs. 3 and 4 respectively. Residual ratios after storage at 50 °C 
for eight weeks and at 80 °C for four weeks are shown ia Table 3. As apparent 
from Table 3, in the case of storage at 50°C, the residual ratio in formulation 
wherein s -aminocaproic acid was added was 90% or higher, and the 
stabilization effect of e -aminocaproic acid is higher than those of the other 
additives. Table 3 shows that in the case of storage at 80 °C, while residual 
ratios in other formulations were 30% or lower, the residual ratio in the 
formulation wherein £ -aminocaproic acid was added was 51.8%, and the 
stabilization effect of £ -aminocaproic acid is high as well as the case of 
storage at SO'C. 

The above-mentioned results show that when £ -aminocaproic acid is 
added to latanoprost, latanoprost is stabilized and can be stored at room 
temperature. 
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Industrial Applicability 

The present invention provides a latanoprost ophthalmic solution 
which can be stored at room temperature and is excellent in stability. 
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